By using Schauder's fixed point theorem and the contraction mapping principle, we discuss the existence of solutions for nonlinear fractional differential equations with fractional anti-periodic boundary conditions. Some examples are given to illustrate the main results.
Introduction
Fractional calculus has been recognized as an effective modeling methodology by re- 
x(t) = f t, x(t) , t ∈ [, T], T > ,  < q ≤ ,
where c D q denotes the Caputo fractional derivative of order q, and f is a given continuous function. The results are based on some standard fixed point principles.
In recent years, there has been a great deal of research into the questions of existence and uniqueness of solutions to anti-periodic boundary value problems for differential equa- In this paper, we investigate the existence and uniqueness of solutions for an antiperiodic fractional boundary value problem given by
where c D α denotes the Caputo fractional derivative of order α, T is a positive constant, 
Lemma . ([]) For any y ∈ C[, T], a unique solution of the linear fractional boundary value problem
where G(t, s) is the Green's function given by
is given in []. 
Main results

Let
Proof Let the condition (H  ) be valid. According to Lemma ., the problem () is equivalent to the following integral equation:
and
Observe that B r is a closed, bounded and convex subset of Banach space X. Now, we prove that F : B r → B r . For any x ∈ B r , by Theorem . (Hölder inequality), we have
Thus,
Notice that (Fx)(t), D q (Fx)(t) are continuous on J; therefore, F : B r → B r . In view of the continuity of f , it is easy to know that the operator F is continuous. Now, we show that F is a completely continuous operator. For each x ∈ B r , we fix N = max t∈J |f (t, x(t), c D q x(t))|, for any ε > , setting
For each x ∈ B r , we will prove that if t  , t  ∈ J and  < t  -t  < δ, then (Fx)(t  ) -(Fx)(t  ) < ε.
In fact,
By mean value theorem, we have
In the following, we will divide the proof into two cases. Case . For δ ≤ t  < t  < T, by mean value theorem, we have
Hence,
Therefore, F is equicontinuous and uniformly bounded. The Arzela-Ascoli theorem implies that F is compact on B r , so the operator F is completely continuous. Thus the conclusion of Theorem . implies that the anti-periodic boundary value problem () has at least one solution on [, T] . This completes the proof.
is defined in the proof of Theorem .. Then the problem () has at least a solution on [, T].
The proof of Corollary . is similar to Theorem ..
for any t ∈ [, T], x, y, u, v ∈ R, and if
where μ * = ( 
We have 
